The black sea cucumber
37
(Holothuria atra) is a widely distributed tropical marine sea cucumber species traditionally 38 consumed by Asian populations for its medicinal values.
39
Aim of the study: A strategy to circumvent the problem of multidrug resistant
40
Pseudomonas aeruginosa is discovery of novel anti-infectives targeting bacterial virulence 41 or host immunity. This study aims to decipher the anti-infective properties of H. atra.
Introduction

60
Pseudomonas aeruginosa is an opportunistic pathogen involved in urinary tract and 
86
The consumption of sea cucumber, a marine echinoderm as medicine can be traced back 
134
Filtrates were then concentrated using a rotary evaporator at 39°C. All dried extracts were 135 kept at -20°C before dilution in DMSO at 20mg/mL, followed by storage at 4°C.
136
Depending on assays, the extract stock solution is further diluted to achieve the desired 137 concentrations.
138
C. elegans Survival Assay
139
The slow killing assay was performed according to the protocol described elsewhere standard turbidity and diluted to 1:20. A total of 10 µL of inoculum was added into the wells,
154
followed by incubation at 37°C for 24 hours. Streptomycin (100 µg/mL) and DMSO (0.5%)
155
were also tested as positive and negative controls, respectively. 
Bacterial Growth Assay
157
The assay was conducted with similar preparations as the MIC broth microdilution test.
158
Upon inoculum addition, the well plate was incubated at 37°C with aeration and bacterial cell 159 density was measured at OD 600 every 2 hours. The butanol partition was column chromatographed over silica gel 60 (70-230 mesh) and 
Virulence Factors and Biofilm Production Assays
172
Protease and elastase activity assays were performed as described elsewhere, with minor consisting of 0.8% azocasein in 500 µL of 50mM K 2 HPO 4 (pH7) and 100 µL of the purified 177 supernatant were incubated at 25°C for 3 hours. A total of 0.5 mL of 1.5M HCl was added 178 into the reaction, followed by placement on ice for 30 minutes and centrifugation. After the 179 addition of 0.5 mL 1M NaOH, the absorbance was measured at 400nm (SpectraMax M5).
180
As for elastase activity, 100 μ L of the purified supernatant described above was added 181 into tubes pre-prepared with 1 mL of 10mM Na 2 HPO 4 and 20 mg of elastin-Congo red. The 182 mixtures were then incubated at 37°C for 4 hours with agitation. After the incubation, the 183 mixtures were centrifuged at 14 000 rpm for 10 minutes and absorbance determined at 184 495nm.
185
The pyocyanin quantification assay was conducted as described (Essar et al., 1990). P.
186
aeruginosa PA14 was grown in the presence of bioactive fraction for up to 24 hours at 37°C.
187
Cultures were collected at 6, 12 and 24 hours after treatments and centrifuged. A total of 3 188 mL chloroform was then added into the resulting supernatant, vortexed briefly and 189 centrifuged for 10 minutes at 10 000 rpm. The bottom blue layer was isolated, and the 190 extraction processes were repeated using 1. Next, we determined the bactericidal effect of the methanol extract on P. aeruginosa 239 PA14. Extract concentrations ranging from 25 µg/mL to 1000 µg/mL did not reduce P.
240
aeruginosa PA14 growth, as compared to streptomycin at 100 µg/mL (Supplementary 1).
241
This extract was also non-detrimental towards the growth kinetic of P. aeruginosa PA14, as 242 no significant difference was observed between H. atra and DMSO exposed bacteria 243 population (Figure 2 ).
244
The lethality of P. aeruginosa PA14 infection in the slow killing assay involves the survival as compared to 0.5% DMSO treatment (Figure 4a ). Fraction F3 also did not appear 257 to perturb P. aeruginosa PA14 growth (Figure 4b ). 
H. atra fraction Inhibits the Production of P. aeruginosa PA14 Elastase, Protease,
263
Pyocyanin and Formation of Biofilm
264
In comparison with 0.5% DMSO, treatment of P. aeruginosa PA14 with F3 significantly 265 suppressed the production of elastase and protease at 24 hr after treatment (Figure 6a ).
266
Formation of biofilm in microtiter plate was also attenuated with F3. As for pyocyanin, 267 significant reduction in pyocyanin production was obtained at 6 and 12 hr after incubation,
268
respectively, but not 24 hr. (Figure 6b ).
270
H. atra Induces the Expression of C. elegans Immune Effector lys-7 in PA14 Infected
271
Worms
272
At 12 hr after infection, GFP intensity of P. aeruginosa PA14 infected worms was lower 
QS.
326
The bioactive fraction was also able to restore the expression of lys-7, which encodes an 
Conclusion
361
In conclusion, we propose that H. atra has anti-infective properties against P. Aminin, D., Pislyagin, E., Astashev, M., Es'kov, A., Kozhemyako, V., Avilov, S., Zelepuga, E., 384
Yurchenko, E., Kaluzhskiy, L., Kozlovskaya, E., Ivanov, A., Stonik, V., 2016. Glycosides from 385 edible sea cucumbers stimulate macrophages via purinergic receptors. Sci. Rep. 6, 39683. 
